Objectives: To evaluate the correlations of the serum concentrations of copper, zinc, and manganese with lipid profile parameters of adult men in Mosul City, Iraq. Methods: The study included 51 apparently healthy adult men as a control group aged 34-62 years (group 1), and 31 hyperlipidemic patients aged 37-60 years (group 2). Trace elements copper, zinc and manganese were determined using atomic absorption spectrometry. Concentrations of total cholesterol, triglyceride and high density lipoprotein cholesterol were determined using enzymatic method. Indirect serum concentration of low-density lipoprotein cholesterol were calculated via the Friedewald formula. Data were evaluated as mean and standard deviation by analysis of variance (ANOVA) and t-test.
Introduction
Cardi ovascular disease (CVD) prevention in Asia is an important issue for world health, because half of the world' s population lives in Asia. 1 Hyperlipidemia is one of the major risk factors of CVD, which can be modified either by proper lifestyle changes, medical management or by the combination of both. Therefore, study of lipid profile in the general population is important in society. 2, 3 In all the Asian countries, there is a concomitant rise in the level of serum total cholesterol (TC), and with it a rise in CVD. Serum TC levels are also higher in the urban compared with the rural population. 4 The determination of trace elements in the blood is of increasing interest in many clinical and research laboratories due to their role in maintenance of health and development of optimal physiological function. 5 It is clear that deficiencies of some trace elements cause marked alterations in lipid and lipoprotein metabolism. The mechanisms of their effects are not completely obvious and in spite of intense research, the role of these microelements need further elucidation. Additionally, there are some contradictory findings regarding the relationship between serum trace elements with lipid and lipoproteins. 6 Thus, the objective of this study is to evaluate the correlations of serum concentrations of trace elements including copper, zinc, and manganese with lipid profile parameters of adult men in Mosul City, Iraq.
Methods
The study was conducted in 2011 (the period from March-October). The samples were taken from the patients visiting Ibn-Sina hospital in Mosul City. A total number of 82 men of age ranging from 34-62 years were included in the study. Out of the 82 subjects, 51 apparently healthy adults were enrolled as a control group (aged 34-62 years) (group 1). The remaining 31 hyperlipidemic patients (aged 37-60 years) were constituted group 2. Patients in both groups were residents in Mosul City, their age, height, weight and body mass index were matched 7 . Other factors affecting trace elements levels (eating disorders, trace elements medication, alcoholism, smoking, kidney disease, type 2 diabetes mellitus, liver disease, pancreas disease) were excluded by history. The ATP III criterion was use for dividing the subjects enrolled in the study. 8 About 10 mL of blood was obtained from each male in both groups. The blood was allowed to sit at 37ºC and then centrifuged at 3000 rpm for 15 min. Serum was then separated and stored at -20ºC until analysis. 9 Serum zinc (Zn), copper (Cu), and manganese (Mn) were determined using atomic absorption spectrometry (Pye Unicom P SP9 instrument, England) located in College of Science Department of Biology in Mosul University. The concentration of the trace elements were obtained from the standard curves. 10 Serum concentrations of TC, triglyceride (TG) and high density lipoprotein cholesterol (HDL-C) were measured at the College of Science, Department of Chemistry, Mosul University using kit enzymatic method (Biolabo company). Indirect serum concentration of low density lipoprotein cholesterol (LDL-C) was calculated via the Friedewald formula (TC-[HDL-C +TG/2.2]).
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Data were evaluated by analysis of variance (ANOVA) and t-test, adjusted for multiple comparisons. P-values of <0.05 were considered statistically significant. Correlations were determined by Pearson' s test.
Results
Age, height, weight, and body mass index are shown in Table 1 . There were no significant differences between the two groups for the above physical characteristics. Biochemical lipid profile characteristics (TC, TG, LDL-C, HDL-C and LDL-C/HDL-C ratio) are shown in Table 2 . There was a highly significant increase in serum TC, TG, LDL-C and a highly significant decrease in HDL-C in the patient group compared to the control group. The concentration of trace elements (Zn, Cu, Mn and Cu/Zn ratio) are shown in Table 2 . There were significant lower levels (p<0.05) of serum Zn in hyperlipidemic patients compared with the control group and significant higher levels (p<0.05) of serum Cu/Zn ratio in hyperlipidemic patients compared with the control group, while Cu and Mn showed no significant differences between the two groups. Table 3 shows the correlations of serum concentrations of trace elements included in the study (Zn, Cu, Mn and Cu/Zn ratio) with serum concentrations of lipid profile parameters (TC, TG, LDL-C, HDL-C and LDL-C/HDL-C ratio) of hyperlipidemic patients (Pearson correlation, p-value). The results indicate that there is a significant negative correlation between serum Zn and TC, LDL-C, TG and LDL-C/HDL-C ratio and significant positive correlation between serum Zn and HDL-C and between Cu and TG in the patient group as shown in Fig. 1 . The control group exhibited no such correlation. (Table 4 and Fig. 1 ) 
Discussion
The results indicate that there was a significant lower level of serum Zn in hyperlipidemic patients compared with the control group, and that there was a significant negative correlation between serum Zn and TC, LDL-C, TG and LDL-C/HDL-c ratio and a significant positive correlation existed between serum Zn and HDL-C in the patient group while the control group showed no such correlation. Therefore, these findings indicate the possible effect of Zn level in serum lipid profile and this effect may be due to the role of Zn as an antioxidant. Thus, the decrease in Zn level in patients may lead to increased lipid peroxidation and leading to increased levels of TC, TG and LDL-C according to the results of previous studies. These results support the hypothesis that cholesterol stored in the lipid droplets of the adipose tissue cells is released into plasma and is the chief source of the hypercholesterolemia observed during stress. 12, 13, 14 There is evidence suggesting that Zn can act as an endogenous protective factor against atherosclerosis by inhibiting the oxidation of LDL-C in the presence of transition metals and that adequate Zn nutrition may protect against inflammatory diseases such as atherosclerosis by inhibiting the activation of oxidative stress, 15 these findings are in agreement with previous studies which showed treatment with Zn reduced TC, TG, and LDL-C plasma levels and increased HDL-C levels. 16 Partida-Hernández et al. 17 showed a significant decrease in TG concentration following a 12-week supplementation with 100 mg Zn sulfate among diabetics who were not on cholesterol-lowering treatment. Furthermore, they showed a significant reduction in TC and an increase in HDL-C, indicating that supplementation, in addition to improving glycemic indices, has favorable effects on cardiovascular risk factors. Other studies showed that Zn deficiency-induced hypercholesterolemia in rat and dog models, 18,19 and a negative relationship was reported between serum Zn and TC concentrations. 6, 20 A study in European Americans showed that there was a small but significant association between dietary Zn and the TC/HDL-C ratio; 21 however, another study showed an inverse relation between supplemental Zn and HDL-C observed in 270 healthy men and women aged over 60 years. 22 According to the results of the present study, serum Cu had significant positive correlations with TG only and no significant correlation was exhibited with other parameters in hyperlipidemic patients. The reason for this result may be due to the sharing of Cu indirectly in formation of TG in serum of patients by contributing to lipid peroxidation; 23 however, the subject needs further studies in the future to be more precise. Cu had no significant correlations with lipid profile parameters in the control group. This finding is in agreement with previous studies which showed no significant correlation between the serum Cu and TC levels in non-copper deficient rats. 24 In other studies, there was an inverse relationship between serum Cu and TC observed in rats during Cu deficiency. 25 The present study showed no significant correlation between serum Mn and lipid profile parameters in the two groups, although another study has demonstrated that Mn enhanced cholesterol synthesis in the liver and hypocholesterolemia has been reported in a human case of Mn deficiency; 26 however, the cause of this finding is probably due to no significant difference in Mn between the two groups.
The results indicate that there are different correlations between trace elements and lipid profile in hyperlipidemic patients while there is no such correlation in healthy men. The cause of these findings suggest that the correlations between the serum concentrations of trace elements with lipid profile in physiological concentrations may not be the same as the changes observed during deficiencies of the trace elements as in hyperlipidemic patients.
Conclusion
Hyperlipidemia may possibly be related to a decrease in the level of serum zinc in hyperlipidemic adult men. The data from this study also support the concept that zinc supplementation might be useful in improving metabolic complications in subjects with hyperlipidemia.
